PROGRAM AND ABSTRACTS TOXICOLOGIC PATHOLOGY The strength of the evidence surrounding an association of aberrant differentiation and tumor formation in mouse skin carcinogenesis (3,5) has stimulated studies to elucidate the signals which regulate epidermal differentiation. A rise in extracellular Ca2+ or exposure to phorbol esters induces differentiation in cultured mouse epidermal cells (1, 6) . One obvious link among the two effectors comes from studies indicting that an increase in extracellular Ca2+ stimulates phosphatidylinositol (PI) turnover yielding an increase in inositol phosphates and diacylglycerol (2, 7) . A rise in diacylglycerol would catalyze the translocation and activation ofprotein kinase C, the major intracellular target for phorbol esters. Caz+ ionophores, A23187 or ionomycin, can also stimulate PI metabolism to the same extent as an increase in extracellular Ca2+, suggesting a rise in intracellular Cat+ is essential to activate this pathway (2) . Additionally, ionomycin induces epiderinal differentiation in the absence of an increased extracellular Caz+ concentration, and this is enhanced by combined treatment with TPA. Together, these results indicate that a rise of intracellular concentrations of Caz+ and a stimulus which activates protein kinase C could account for many aspects of the triggering for epidermal differentiation. Digital imaging analysis of Fura 2 loaded epidermal cells indicates that a sustained rise in intracellular Caz+ occurs rapidly in response to an increase in extracellular Cat+. The extent of the change in intracellular Ca2+, as well as the duration for the increase in PI metabolism, is dependent on the specific concentration of extracellular Ca2+ utilized to induce differentiation. Furthermore, the expression of particular markers of epidermal differentiation depends on specific levels of extracellular CaZ+, suggesting the entire system of terminal differentiation is tightly linked to Ca2+ concentrations internally and externally.
It could be postulated that initiation of carcinogenesis in mouse epidermis is associated with a change in Caz+ transport or in the Caz+ requirements of enzymes involved in PI metabolism. Caz+ stimulates PI metabolism in both normal and neoplastic keratinocytes, but the profile of metabolites is different in neoplastic cells. Furthermore, the profile of the intracellular Caz+ response to a change in extracellular Caz+ is distinctly different in neoplastic cells, suggesting that the differentiation block in these cells is related to an altered processing of intracellular Caz+ in response to a differentiation signal (4).
Exposure to ionomycin in vitro changes the pattern of intracellular Ca2+ and induces differentiation in neoplastic cells. Furthermore, a limited topical application of ionomycin can prevent tumor formation in mouse skin when exposure occurs following initiation but prior to tumor promotion. This attempt to overcome altered signal transduction and induce terminal differentiation in neoplastic cells may provide a novel approach to chemoprevention. To understand the molecular process of cellular transformation, our laboratory has been pursuing the study of the structure and function of the normal cellular proto-om genes and its encoded product(s), comparing these to the homologous viral oncogenes and its encoded product(s). In particular, our approach focused on the ets family of genes, which are related to a sequence originally identified as a second cellular derived sequence present in the genome of the avian leukemia virus, E26. The ers genes in humans map to separate chromosomal loci on chromosomes 1 1 and 2 1 (ETSI and ETS2, respectively), 21 701-1013 at SAGE PUBLICATIONS on December 9, 2012 tpx.sagepub.com Downloaded from which are each transcriptionally active and differentially regulated. The etsl and ets2 loci are conserved synthetically on murine and feline chromosomes with respect to other known mammalian genes (5).
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To-better understand the function of the ets gene and its encoded products, we isolated and purified the proto-ets gene specific proteins in human cells and tissues. The human ETSZ gene product codes for a 56-kD nuclear protein (3) . We have found that the ETSZ protein is phosphorylated and has a rapid turnover with a half-life of 20 min. When the human lymphocytic CEM cells were treated with the tumor promoter 12-O-tetradecanoylphorbol-13-acetate (TPA), the level of the ETSZ protein was quickly elevated by 5to 20-fold. The effect of TPA was mimicked by a synthetic diacylglycerol, 1 -0leoyl-2acetyl glycerol (OAG) and was blocked by the protein kinase C inhibitor, H7, indicating that protein kinase C is involved in the induction process. The increase in the ETS2 protein appeared to be due to stabilization, since the protein had a half-life of more than 2.5 hr in the presence of TPA, also, the ETS2 mRNA level did not increase significantly upon TPA treatment. The properties of the ETS2 protein such as nuclear localization, phosphorylation, rapid turnover, and response to protein kinase C, indicate that it belongs to a group of oncogene proteins which are generally thought to have regulatory functions in the nucleus (e.g., fos, nzyc, rnyb, and p53).
We have found that the ETS2 gene products are expressed in a wide range of normal mouse tissues and it also appears to be linked with cell proliferation in regenerating liver. By contrast, etsl gene was previously shown to be more highly expressed in the mouse thymus than in other tissues (1) . Because the thymus is a complex tissue with various subsets of cells in different stages of proliferation and maturation, we have examined ets gene expression in fetal thymocytes from different stages of development, particularly in isolated subsets of adult thymocytes, and in peripheral T lymphocytes.
In the adult thymus, efsl mRNA expression is 10-fold higher, exclusively in the CD4+ subset, than in the other subsets examined. Because the CD4+ thymic subset is the pool from which the CD4+ peripheral, helperhducer T cells are derived, the ets gene expression was examined in lymph node T cells. Both the CD4+ and CD8+ T cell subsets had lower ets RNA levels than the CD4+ thymocytes. These results suggest that the etsl gene may be selectively expressed in the CD4+ thymic subset because this gene product may have a crucial role in "programming" the developing CD4 + thymocytes for the helperhducer functions exhibited in mature, CD4+ peripheral T lymphocytes (2) .
We have'found that the human ETS genes are associated but not directly involved with the translocations of the 1 lq23 and 21q22 chromosomal regions that are characteristic of certain non-random chromosomal abnormalities found in specific human leukemias. During the past year, we have performed a major genetic linkage analysis ofthe region q22 specifically involved in the t(8;21) breakpoint of acute myelogenous leukemia (AML-M2). The results obtained have shown that the DNA sequences involved by the rearrangement is proximal to both ETS2 and the ETS2 related gene, ERG, on chromosome 2 1. The breakpoint is at least 17 cM away from the centromere relative to the ETSgenes, which suggest therefore, that these genes are not directly involved. At least, one transcriptionally-active gene separates the ETS genes from the breakpoint. Dosage analysis using specific fibroblast cell strains, presenting aneuploidies for different chromosome 2 1 segments, as well as fibroblasts, lymphocytes, and brain tissue from patients with complete trisomy 2 1, and both sporadic and familial Alzheimer's diseases have positively indicated that the ETS2 gene in the 21q22 region is a possible "candidate" gene of the relevant genetic region of DS. On the other hand, ETS2 was not found either rearranged or triplicated in every Alzheimer's patient (both with the sporadic and the familial form of the disease). Our data exclude, with a great deal of certainty, that ETS2 is involved in Alzheimer's disease pathogenesis (4).
The predicted ets gene products from a variety of species has been compared to v-ets and the gene (ets-2) has been isolated, cloned, and recently sequenced in our laboratory from the amphibian, Xenopiis, and the invertebrate species, Drosophila and sea urchin. We have found that the domain closest to the carboxy-terminus appears to be very highly preserved in all species examined. Indeed, there is a high (>go%) degree of conservation for the proteins encoded from this region of the ets gene that have been determined from such evolutionarily distinct organisms. Thus, it would appear that these proto-ets genes may have some important functional role that would justify their preservation throughout evolution.
Advances in Oncology, VT DeVita, S Hellman, and SA Rosenberg (eds). J.B. Lippincott Co., Philadelphia (in press). Oxidant tumor promoters are of particular interest because of their ubiquitous occurrence. Besides being toxic, they can induce pathophysiological effects in mammalian cells (2) . They can stimulate rather than inhibit cell growth at low doses (7) . Oxidants appear to use pathways for growth stimulation which resemble those of growth-and serum factors. For example, they induce the phosphorylation of the ribosomal protein S6 (6) and the translocation and activation of protein kinase C (Larsson and Cerutti, unpublished) to membranes evidently without the need to bind to a specific cell-surface receptor.
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The following further insights into the mechanisms of action of oxidant promoters were obtained by comparing promotable (clone 4 1) and non-promotable (clone 30) mouse epidermal cells JB6: 1) Active oxygen (AO) stimulated the growth only of promotable C141 after an initial period of moderate inhibition while it was strongly cytostatic for nonpromotable C1 30. 2) A 0 induced larger amounts of DNA strand breaks and poly ADP-ribosylation of chromosomal proteins in non-promotable cells (7) . 3) A 0 was'capable of inducing the growth-related protooncogenes c-fs and c-nzyc (4). By a combination of affinity chromatography with immunoblotting, we found that the fos protein serves as poly ADPR acceptor following exposure to AO. Both poly ADPR offos protein and the induction offos mRNA in response to A 0 were suppressed by the ADPR-transferase inhibitor benzamide. We speculate that f i s induction in response to A 0 may be autoregulated by poly ADPR offos protein (5). Poly ADPR offos protein may inactivate its repressor activity.
A possible explanation for the differences between these two JB6 clones was discovered when we found that catalase-and Cu, Zn-superoxide dismutase levels (activities, protein concentrations, and mRNA) were 2-3-fold higher in the promotable clone 4 1. We propose that promotable cells possess a supgrior antioxidant defense which protects them from excessive cytostatic effects of A 0 and allows the protooncogenes c-fos and c-inyc to exert their functions (3) . (This work was supported by the Swiss National Science Foundation and the International Association for Cancer Research.) togenetics Instruments, Broomfield, CO 80020; Colorado School of Mines, Golden, CO 8040 1 In spite of the impact of techniques of molecular biology on the study of cancer, many methods remain time consuming and labor intensive. A dominant focus of technological innovation in molecular biology has been the automation of certain fundamental procedures. Examples include: automated nucleotide synthesis and automated nucleotide sequencing (4). Other techniques of molecular biology have been improved. For instance, alternation or "pulsing" of electrical fields has allowed separation of DNA fragments up to 3 million base pairs in size (3).
Another aspect of technological innovation in molecular biology is the application of methods from other disciplines to replace speed and perhaps automate aolecular biology investigations.
An example of such a new technique is pyrolysismass spectrometry (1) . Pyrolysis is the rapid heating of a sample in the absence of oxygen. This results in thermal fragmentation of the sample. Curie-point pyrolysis is a method which allows very reproducible fragmentation of a sample. The fragments thus produced are analyzed and characterized by the use of mass spectrometry. This combined technique is known as pyrolysis-mass spectrometry (Py-MS).
A limitation of Py-MS sample analysis is that the spectra produced are complex. This has made data interpretation difficult. To deal with this difficulty, we have used statistical interpretation with pattern recognition (5). This allows the generation of training set by which a computer can learn spectrographic patterns which betray the presence of a particular feature within a sampte. This can be exploited to differentiate within a sample. This can be exploited to differentiate between various biological specimens. For example, species of microorganisms can be rapidly characterized (8) . It is also possible to identify strain differences such as pathogenic and non-pathogenic strains of the same organism (7) . Other applications include identification of malignant cells (6), detection of antibiotic resistance in microorganisms, plasmid mediated transformation of bacteria (2), and rapid screening of somatic cell hybrids. Such determinations can be accomplished with a minimum of sample preparation and a through-put time of min.
This methodology has potential appIications to other aspects of molecular investigation requiring rapid analysis, differentiation, and characterization of samples.
